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[57] ABSTRACT

An electrophotographic toner composition comprising
(A) toner particles with an average particle diameter of
9 um or less comprising at least a binder resin and a
colorant, and (B) an additive, wherein the additive is a
fine metal oxide powder surface coated with at least one
agent for imparting hydrophobic property selected
from the group consisting of the following formulae (1),
(2) and (3):

RSi(X)3
R1R32Si(X)2

R1R2R381(X);

wherein R; represents a substituted or unsubstituted
alkyl group having a molecular weight of 113 or more,
R> and Rj3 each represents hydrogen, an alkyl group or
an allyl group, and X represents chlorine, an alkoxy
group or an acetoxy group. The toner composition
causes no impaction to a carrier and no adhesion of the
toner particles to a photoreceptor, and can form stable,
sufficient images for a long time.

3 Claims,‘No Drawings
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ELECTROPHOTOGRAPHIC TONER
COMPOSITION

FIELD OF THE INVENTION

The present invention relates to an electrophoto-
graphic toner composition, and particularly to an elec-
trophotographic toner composition in which small-

sized toner particles are used for achieving high image
quality.

BACKGROUND OF THE INVENTION

Previously, various investigations into adhesion of
toner particles to photoreceptors (so-called filming)
have been conducted. For example, the method of add-
ing a metallic soap to a developer layer to prevent toner
particles from adhering and the method of adding an
abrasive to a developer layer to scrape off adhered
toner particles.

At present, progressive investigations are made of not
only inorganic photoreceptors, but also organic photo-
receptors, and the share of organic photoreceptors are
increasingly broaden. The techniques of copying ma-
chines and printers have also progressed so as to use
small-sized toner particles to attain high image quality.

As these techniques progress, a new problem is en-
countered in the techniques for preventing toner parti-
cles from adhering to photoreceptors.

Namely, although tolerable effects were realized by
the use of the inorganic photoreceptors described above
and the toner particles having a normal particle size in
the conventional techniques, the use of the organic
photoreceptors and the small-sized toner particles
makes it impossible to obtain sufficient effects.

One reason for this is that the organic photoreceptors
are soft in their surface compared to the inorganic pho-
toreceptors and high in their reactivity, which is liable
to cause the life thereof to be reduced.

When such organic photoreceptors are used, there-
fore, the use of so-called cleaning assistants such as
metallic soaps, waxes and abrasives results in deteriora-
tion and scraping of the photoreceptors.

On the other hand, when the size of the toner parti-
cles i1s reduced, the problem arises that impaction to a
carrier 1s liable to occur and the life is reduced. Further-
more, the small-sized toner particles are inferior to the
toner particles having a normal particle size (10 to 20
pum) in powder fluidity, and therefore, a large amount of
fine inorganic particles are required to be used. In some
cases, these fine inorganic particles contribute to film-
ing.

For this reason, when the organic photoreceptor and
the small-sized toner particles are used, there is no tech-
nique at present by which sufficient images can be ob-
tained for a long period of time and which can prevent
the toner particles from adhering to the photoreceptor
to a satisfiable degree.

SUMMARY OF THE INVENTION

It 1s therefore an object of the present invention to
provide an electrophotographic toner composition
which induces no impaction to a carrier in a developer,
causes no adhesion of toner particles to a photoreceptor
and can form stable, satisfactory images for a long per-
1od of time, even when an organic photoreceptor and
small-sized toner particles are used.

As a result of intensive studies, the present inventors
discovered that the above-described object can be ac-
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complished by using a fine metal oxide powder as an
additive, and surface treating the powder with a speci-
fied silane coupling agent as an agent for imparting
hydrophobic property, thus completing the present
invention.

The present invention provides an electro- photo-
graphic toner composition comprising (A) toner parti-
cles with an average particle diameter of 9 um or less
comprising at least a binder resin and a colorant, and (B)
an additive, wherein said additive is a fine metal oxide
powder surface coated with at least one agent for im-
parting hydrophobic property selected from the group
consisting of the following formulae (1), (2) and (3):

R15i(X)3 (1)

R1R1281(X)» (2)

R1R2R38i(X); (3)
wherein Ri represents a substituted or unsubstituted
alkyl group having a molecular weight of 113 or more,
Rz and Rj each represents hydrogen, an alkyl group or
an allyl group, and X represents chlorine, an alkoxy
group or an acetoxy group.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention will hereinafter be illustrated
In detail.

The fine metal oxide powders which can be used in
the present invention include known powders such as
titanium oxide, silicon oxide, zirconium oxide, alumi-
num oxide and fine ceramics. As the fine powders, fine
particles having a BET surface area of 50 m2/g or more
are preferably used. In particular, amorphous titania
sufficient in stability against environmental changes,
particularly showing less change in charge quantity
against changes of temperature and humidity, is pre-
ferred.

‘These additives are surface treated to be rendered
hydrophobic with coupling agents, utilizing gas phase
or liquid phase reaction, whereby the toner particles are
prevented from adhering to the organic photoreceptors,
and impaction to a carrier can be prevented which takes
place in using the toner particles having an average
particle diameter of 9 um or less and a large amount of
additive.

The agents for imparting hydrophobic property used
in the present invention are silane coupling agents rep-
resented by the above-described formulae (1), (2) and
(3). Specifically, the following compounds are used.

CsH1751(OCH3)3, CioH2181(OCH3);3
Ci1oH2181Clg, CH3(CH3)11SiSiCl;

T
CH2=C_ﬁ—D‘-C3H6$i(OCH 1)3
O
CH3(CHj)11S1(OCoH5s)3

P
CH3(CH;3)1-;?i--CI, CH;3(CH>),5SiCl3

CH;

CH3(CH3),5851({OC3H3s)3
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-continued
CH> CH;

| !
CHy=C~C—0CH;CH3Si{OCH3);

|
0O S
CgH17(CH32)3S1(OCHs),

"

Cr1sH17S10CH 5 10

CH;

CH;

|
C13H3?+T(CH3)3Si(C}CH3)3C1* s

CHj

CH3(CHz)1781Cl3, CH2(CH?>)178i(0OCH3)3

Ne 20

CHy=CH o CHQNHQ(CHQ)NH(CHQ):}.?KOCHE,)}_

CHj3

As described above, in the silane coupling agents
used in the present invention, R; is a substituted or
unsubstituted alkyl group having a molecular weight of
113 or more. When particles having a BET surface area
of 50 m4/g or more are used as the additive, treatment
of the additive particles with an agent for imparting 10
hydrophobic property in which Rj has a molecular
weight of less than 113 causes significant impaction of
the toner particles to the carrier, resulting in a reduction
in the life of a developer, and further causes increased
adhesion of the toner particles to the photoreceptor,
resulting in deterioration in image quality and genera-
tion of defects in image quality.

In contrast, the use of an agent for imparting hydro-
phobic property in which R has a molecular weight of
113 or more can prevent the impaction, whereby the life
of the developer can be prolonged, and further can
prevent the toner particles from adhering to the photo-
receptor. In particular, an agent for imparting hydro-
phobic property in which Rj has a molecular weight of
140 or more is excellent in its effect.

Furthermore, R is preferably a long-chain alkyl
group having 8 or more carbon atoms. The toner to
which a fine powder having the long-chain alkyl group
has been added can decrease friction with the carrier, so
that the impaction of the toner particles can be pre-
vented more effectively. The long-chain alkyl group
preferably has 8 to 20 carbon atoms.

In the above formulae (2) and (3), the alkyl group
represented by R; or R3 preferably is a methyl group or
an ethyl group.

In the above formulae (1), (2) and (3), when X is an
alkoxy group, a methoxy group and an ethoxy group
are preferably used in view of their high reactivity.
Further, the substituent groups for the substituted alkyl
group of Ry include an amino group, a vinyl group, a
phenyl group, a hydroxyl group, a carbonyl group, etc.

In the toner composition of the present invention, it is
preferred that the additive content is from 0.1 to 5 parts
by weight per 100 parts by wight of toner.

In the present invention, known toner particles com-
prising at least a colorant and a binder resin are used as
the toner particles to which the above-described fine
metal oxide powder 1s added.
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Examples of the binder resins include homopolymers
or copolymers of styrene compounds such as styrene
and chlorostyrene; monoolefins such as ethylene, prop-
ylene, butylene and isoprene; vinyl esters such as vinyl
acetate, viny! propionate, vinyl benzoate and viny! bu-
tyrate; a-methylene aliphatic monocarboxylic acid es-
ters such as methyl acrylate, ethyl acrylate, butyl acry-
late, dodecyl acrylate, octyl acrylate, phenyl acrylate,
methyl methacrylate, ethyl methacrylate, butyl methac-
rylate and dodecyl methacrylate; vinyl ethers such as
vinyl methyl ether, vinyl ethyl ether and vinyl butyl
ether; and vinyl ketones such as vinyl methyl ketone,
vinyl hexyl ketone and vinyl isopropenyl ketone. Par-
ticularly typical binder resins are polystyrene, styrene-
alkyl acrylate copolymers, styrene-alkyl methacrylate
copolymers, styrene-acrylonitrile copolymers, styrene-
butadiene copolymers, styrene-maleic anhydride co-
polymers, polyethylene and polypropvlene. In addition,
polyesters, polyurethanes, epoxy resins, silicone resins,
polyamides, modified rosin, paraffins and waxes can
also be used. |

Typical examples of the colorants for the toner parti-
cles include carbon black, Nigrosine, Aniline blue,
Calco Oil Blue, Chrome Yellow, Ultramarine Blue, Du
Pont Oil Red, Quinoline Yellow, Methylene Blue chlo-
ride, Phthalocyanine Blue, Malachite green oxalate,
Lampblack, Rose Bengal, C.I. Pigment Red 48:1, C.L
Pigment Red 122, C.1. Pigment Red 57:1, C.I. Pigment
Yellow 97, C.I. Pigment Yellow 12, C.I. Pigment Blue
15:1 and C.1.Pigment Blue 15:3. The toner particles may
further contain known additives such as charge control
agents and fixing assistants, if desired.

In the toner particle, it is preferred that the colorant
content i1s from 1 to 10 parts by weight per 100 parts by
weight of the binder resin.

The toner particles usually have an average particle
diameter of 9 um or less and preferably 4 to 8§ um.

The electrophotographic toner composition of the
present invention may be either a one-component toner
developer using no carrier or a two-component devel-
oper using a carrier. It is however preferred that the
composition 1s used as the two-component developer.

When the carriers are used, there is no particular
restriction as long as they are known carriers. The carri-
ers which can be used include iron powder carriers,
ferrite carriers, surface-coated ferrite carriers and mag-
netic powder dispersion type carriers.

In the electrophotographic toner composition of the
present invention, adhesion of the above-described ad-
ditives to the surface of the toner particles can be car-
ried out by the use of know means such as a high-speed
mixer, specifically a Henschel mixer or a V-type
blender.

The present invention will hereinafter be illustrated
in detail with reference to Examples. '

EXAMPLE 1

A. Preparation of Toner

Ninety-six parts by weight of a polyester resin having
a Tg of 60° C. and a softening point of 110° C. and 4
parts by weight of Carmine 6BC4 as a colorant were
melt-kneaded, pulverized and classified to obtain toner
particles having a volume average particle diameter of 7
um (determined by the Coulter counter method).

B. Treatment for Rendering Additives Hydrophobic

Metal oxides, #130 (silica having a BET surface area
of 130 m?/g, produced by Nippon Aerosil) and amor-
phous titania UFP (having a BET surface area of 100
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m?/g, produced by Idemitsu Kosan), were treated with

the following silane coupling agents by the following,
method.

CH3$i(0CH3)3. C4HgSi(OCH3)3 5

CsH1951(OCH3)3, CioH31Si(OCH3)3

Ten grams of the above-described amorphous titania
was dispersed in 100 ml of methanol, and 10 g of the
above-described silane coupling agent was added drop-
wise thereto, followed by stirring with a magnet stirrer
for 30 minutes. Then, the titania treated with the silane
coupling agent was filtered, and dried at 120° C. for 2
hours. The resulting product was ground by a pin mill
(produced by Itoman Engineering) to obtain an addi-
tive.

C. Mixing of Additive and Toner

Forty grams of the toner obtained in A and 1 g of
each of the additives were mixed with each other by a
sample mill (produced by Kyowa Riko) to obtain a
toner for addition. The resulting toner was passed
through a 45-um sieve.

D. Evaluation of Adhesion to Photoreceptor

The toner for addition obtained in C and carrier parti-
cles obtained by coating ferrite core particles having an
average particle diameter of 50 um with a blend of a
perfluoroalkyl acrylate polymer and an acrylic polymer
were placed at a toner concentration of 8% in a modi-
fied two-component developer of a printer (4105 ma-
chine, produced by Fuji Xerox Corporation) using an
organic photoreceptor, and the print test was repeated
30,000 times. Adhesion of the toner particles to the
photoreceptor was perceived as white spots on an entire
solid 1mage. Results thereof are shown in Table 1. As
the uniformity of a halftone, the difference in image
density between the halftone image at the initial stage
and one after 30,000 prints was visually evaluated.
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TABLE 1

Halftone 40
Treating Molecular Degree* of Uniform
Agent Weight of R White Spots ity**
F130%e»
CH38i1(OCH3); 15 Many C
Cq4HgSi{OCH3)3 57 Few B 45
CgH1781(OCH31)3 113 None A
CioH21SK{OCH?2)3 141 None A
UFP***#
CH31S1{OCH31)3 15 Many C
CsHoSi(OCH3)3 57 Few B
CgH17SI{OCH3)» 113 None A 50
CioH21Si(OCH )3 141 None A

m———_-__ﬁ-—m
*Many: 10 spots/cm? or more

Few: 2 to 9 spots/cm?

None: 1 spot/cm? or less

**Visual evaluation after 30,000 prints.

A: Good

B: Occurrence of unbalance of copy density

C: Presence of white spots in images

*#*Silicon oxide produced by Nippon Aerosil

*#%* Amorphous titania produced by Idemitsu Kosan

33

As shown 1n Table 1, the use of the additives of the
present invention provides good images and does not 0
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produce troubles due to adhesion of the toner particles
to the photoreceptor.

COMPARATIVE EXAMPLE 1

To 40 g of toner particles having an average particle
diameter of 10 um, 0.7 g of each of ali the additives used
in Example 1 was added (so that the toner surface cov-
erage becomes equal to that of Example 1), and a toner
was prepared by the method of C of Example 1. Then,
the evaluation was conducted in the same manner as
with Example 1. As a result, no troubles due to adhesion
of the toner particles to the photoreceptor took place
for all the additives. However, unbalance of copy den-
sity 15 generated and the halftone uniformity was infe-
Tior.

As apparent from the above comparison of Example
and Comparative Example, according to the present
invention, the treatment of amorphous titania with a
coupling agent having a long-chain alkyl group reduces
the friction of fine powder particles with a photorecep-
tor and makes adhesion of toner particles to the photo-
receptor difficult, whereby white spots produced by
adhesion of the toner particles to the photoreceptor can
be prevented. In addition, the impaction to a carrier can
be prevented, and the difference in image density be-

tween the halftone image at the initial stage and one
after 30,000 prints is decreased.

While the invention has been described in detail and
with reference to specific embodiments thereof, it will
be apparent to one skilled in the art that various changes
and modifications can be made therein without depart-
ing from the spirit and scope thereof.

What i1s claimed is:

1. An electrophotographic toner composition com-
prising (A) toner particles with an average particle
diameter of 9 um or less comprising at least a binder
resin and a colorant, and (B) an additive, wherein said
additive 1s a fine metal oxide powder surface coated
with at least one agent for imparting hydrophobic prop-

erty selected from the group consisting of the following
formulae (1), (2) and (3):

R1381(X)3 (1)

R1R:2Si1(X)2 (2)

R1R2R381(X); (3)
wherein R; represents a substituted or unsubstituted
alkyl group having a molecular weight of 113 or more,
R and Rj each represents hydrogen, an alkyl group or
an allyl group, and X represents chlorine, an alkoxy
group Or an acetoxy group.

2. An electrophotographic toner composition as in
claim 1, wherein R has a molecular weight or 140 or
more.

3. An electrophotographic toner composition as in
claim 1, wherein said toner particles have an average

particle diameter of from 4 to 8 um.
* % * * %
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